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[TITLE OF THE INVENTION] 

CARBON-CONTAINING ALUMINUM NITRIDE SINTERED BODY 
[Scope of Claims for Patent] 

[Claim 1] A carbon-containing aluminiim nitride sintered body 
comprising botli of: 

carbon whose peak cannot be detected on its X-ray 
diffraction ctiart or whose peak is below its detection limit 
thereon; and 

carbon whose peak can be detected thereon, 

in a matrix made of aluminiom nitride. 
[Claim 2] The carbon-containing aluminum nitride sintered body 
according to claim 1, 

wherein : 

said carbon whose peak cannot be detected on its X-ray 
diffraction chart or whose peak is below its detection limit 
thereon, is either amorphous carbon or carbon forming solid 
solution in the phase of aluminum nitride crystal; and 
said carbon whose peak can be detected thereon is crystalline 
carbon. 

[Claim 3] The carbon-containing aluminum nitride sintered body 
according to claim 1 or 2, comprising both of: 
crystalline carbon and amorphous carbon. 
[Claim 4] The carbon-containing aluminum nitride sintered body 
according to any of claims 1 to 3, wherein the content of the 
total of said carbon is from 200 to 5000 ppm. 
[Claim 5] The carbon-containing aluminum nitride sintered body 
according to claims 1, 
wherein: 

said matrix comprises a sintering aid comprising at least 
one of alkali metal oxides, alkali earth metal oxides and rare 
element oxides. 

[Claim 6] The carbon-containing aluminiim nitride sintered body 
according to any of claims 1 to 5, wherein the brightness defined 
in JIS Z 8721 is N4 or less. > 
[Detailed Description of the Invention] 



[0001] 

[Technical Field of the Invention] 

The present invention relates to an aluminum nitride 
sintered body used as a material which constitutes a hot plate, 
5 an electric static chuclc, a wafer prober, a susceptor and the 
like mainly in the semiconductor industry; and suggests 
particularly a carbon-containing aluminum nitride sintered body 
superior in capability of covering up an electrode pattern and 
so on, volume resistivity at high temperature, and accuracy of 
10 temperature-measurement with a thermoviewer . 
[0002] 
[Prior Art] 

Hitherto, a heater, a wafer prober or the like, using a 
metal base material such as stainless steel or aluminum alloy, 

15 has been used in semiconductor producing or examining devices 
comprising an etching device, a chemical vapor deposition device 
and the like. However, a heater made of a metal has problems 
that its temperature controllability is poor and its thickness 
also becomes thick so that the heater is heavy and bulky. The 

20 heater also has a problem that corrosion resistance against 
corrosive gas is poor. 
[0003] 

To solve these problems, JP Kokai Hei 11-40330 suggests 
a heater wherein a ceramic such as aluminum nitride is used instead 

25 of a metal. However, aluminum nitride itself, which is a base 
material constituting this heater, is generally white or light 
gray; therefore, it is not preferred for the use of a heater 
or a susceptor. Whereas, color of black has a larger radiant 
heat amount, therefore it is suitable for such a kind use . Color 

30 of black is particularly preferred for a wafer prober or an 
electrostatic chuck since it has a high capability of covering 
up an electrode pattern. Furthermore, when the surface 
temperature of a heater is measured with a thermoviewer (surface 
thermometer) , in the case of the substrate being white or light 

35 gray, the amount of radiant heat thereof does not become constant 
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so that accurate measurement of the temperature has been 

impossible. 

[0004] 

In inventions in the prior art which are disclosed in JP 

5 Kokai Hei 9-48668 and the like, which are developed to comply 

with such a demand, is suggested a ceramic base material to which, 

crystalline carbon whose peak is detected at a position of 44 

to 45'' in its X-ray diffraction chart, is added. 
[0005] 

10 [Subject which the Invention is to Solve] 

However, the ceramic base material in the prior art, to 
which such crystalline carbon (graphite) is added, has a problem 
that its volume resistivity at high temperature, for example, 
at a high temperature range of 500 °C drops below 1 x 10^ Q- 

15 cm. Further, aluminum nitride itself has a problem that thermal 
conductivity drops at high temperature, which also needs to be 
solved. 
[0006] 

An objective of the present invention is to: solve the 

20 problems which the above-mentioned prior art embraces; and 
provide an aluminum nitride sintered body wherein: its volume 
resistivity thereof at a high temperature, particularly at about 
500 °C, can be kept at 10® Q-cm or more at least, further the 
thermal conductivity at high temperature can be made to 60 W/m- 

25 kormore; and covering-up capability, a large radiant heat amount , 
and measurement accuracy with a thermoviewer can be assured. 
And another objective of the present invention is to provide 
a ceramic substrate useful for a hot plate, an electrostatic 
chuck, a wafer prober or a susceptor. 

30 [0007] 

[Means for Solving the Problems] 

The present invention relates to an aluminum nitride 
sintered body which has been developed to meet the 
above-mentioned demands, particularly to a carbon-containing 

35 aluminum nitride sintered body comprising both of : carbon whose 
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peak cannot be detected on its X-ray diffraction chart or whose 
peak is below its detection limit thereon; in a matrix made of 
aluminiim nitride. 
[0008] 

5 Incidentally, in the present invention, an embodiment 

which comprises the amorphous carbon and the crystalline carbon 
is desirable, and the content of the total of the carbon is 
desirably from 200 to 5000 ppm. Further, desirably to make the 
carbon-containing aluminum nitride sinteredbody which contains 
10 at least one of an alkali metal oxide in the matrix, an alkali 
earth metal oxide, and a rare earth oxide, and their brightness 
defined in JIS Z 8721 is desirably N4 or less. 
[0009] 

[Embodiment of carrying out the Invention] 

15 Research by the inventors demonstrated that: regarding 

a ceramic substrate comprising an aluminum nitride sinteredbody 
containing carbon whose peak is detected at positions where the 
diffraction angle 29 is 10 to 90°, particularly 29 is 44 to 45° 
on its X ray diffraction chart, its volume resistivity at a high 

20 temperature (500 °C) is lowered to 0.5 x 10^ Q-cm, therefore 
a short circuit is caused between heating element patterns or 
between electrode patterns thereof when the ceramic substrate 
is heated. 
[0010] 

25 The reason for this can be considered as follows, since: 

the volume resistivity of an aluminum nitride sintered body is 
lowered at high temperature; and crystalline carbon has a crystal 
structure similar to metal crystal, and has a large electric 
conductivity at high temperature, these two properties act 

30 synergistically to result in the above-mentioned short circuit . 
[0011] 

The inventors continued to make further investigations 
on this fact. As a result, it has been found that in order to 
lower the electric conductivity of a carbon-containing sintered 
35 body at high temperature, there should be used the state of: 
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carbon whose crystallinity is lowered; or carbon forming solid 
solution in the crystal phase: that is, carbon whose peak is 
not detected on the X-ray diffraction chart. 
[0012] 

5 The wording ''carbon whose peak cannot be detected on the 

X-ray diffraction chart'' means that no peak of carbon can be 
detected at positions 20 is 10 to 90°, particularly 44 to 45°. 
The reason why the wording is defined as above is as follows: 
since carbon can have various crystal systems, as disclosed in 

10 JP Kokai Hei 9-48668, not only a peak which shows its appearance 
at a position where the diffraction angle 26 is 44 to 45° but 
also crystal of carbon whose peak shows its appearance at 
positions where the diffraction angle 26 is 10 to 90° must be 
considered (reference to FIGs.3,4). 

15 [0013] 

It is not preferred that halo, as well as the peak, shows 
its appearance on the X-ray diffraction chart. The amorphous 
body usually has a gentle slope, called halo, near positions 
where 26 is 15 to 40°, therefore, the fact that such halo shows 

20 its appearance means that amorphous carbon has been making an 
invasion into the phase of aluminumnitride crystal . As a result, 
the crystallinity of aliiminum nitride is lowered, and also the 
sinterability thereof is hindered so that the brightness becomes 
high. Moreover, the strength at high temperature is lowered. 

25 [0014] 

Specific examples of the method for preparing carbon whose 
peak cannot be detected on the X-ray diffraction chart include: 

(1) a method of forming solid-solution of carbon in the phase 
of aluminum nitride crystal not to cause any X-ray diffraction 

30 peak resulting from carbon crystal to show its appearance; and 

(2) a method of using amorphous carbon. 
[0015] 

Among these methods, the method (2) of using amorphous 
carbon is preferred. The reason for this is that: if carbon 
35 is forming solid-solution in aluminum nitride, defects are 
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generated in the crystal so that the strength at high temperature 

is lowered. 

[0016] 

JP Kokai Hei 9-48668 describes a phenomenon that 
5 crystalline carbon forms solid-solution in aluminumnitride when 
heated at a temperature of ISSC'C so that the X-ray diffraction 
peak disappears. However, though, in JP Kokai Hei 9-48668, a 
product wherein the X-ray diffraction peak is present at 44 to 
45° is recognized as the invention, the publication neither 

10 describes nor suggests the idea that makes to have both of carbon 
whose peak can be detected on the X-ray diffraction chart and 
carbon whose peak cannot be detected thereon as the present 
invention. Therefore, the novelty and inventive step of the 
present invention can never be rejected by the description of 

15 JP Kokai Hei 9-48668. 
[0017] 

However, in the case that amorphous carbon is added to 
the aluminum nitride, a problem that thermal conductivity of 
the ceramic substrate at high temperature drops caused- This 

20 would be because amorphous carbon is interposed in the interface 
between grains to become a barrier which blocks the conduction 
of heat. Thus, in the case that the inventors add amorphous 
carbon therein, the inverters make the amorphous carbon and, 
crystalline carbon: having a crystal structure similar to metal 

25 crystal; and having a thermal conductivity which is not easily 
lowered at high temperature, to coexist. 
[0018] 

It has been found that if two kinds of the carbon are 
comprised therein in this way, the volume resistivity at high 
30 temperature can be made to at least 10^ Q-cm or more and the 
thermal conductivity at high temperature can be made to 60 W/m- 
k or more, thereby overcoming the problem which occurs when 
amorphous carbon alone is added. 
[0019] 

35 The blend ratio of carbon whose peak cannot be detected 
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on itsX-ray diffraction chart or whose peak is below its detection 
limit thereon to carbon whose peak can be detected thereon is 
adjusted within the range of, preferably from 1/200 to 200/1, 
more preferably from 1/100 to 100/1 if possible. 
5 [0020] 

The ratio of two kinds of the carbon is measured by laser 
Raman spectroscopy. In the laser Raman spectroscopy, the peak 
of crystalline carbon and the peak of amorphous carbon show their 
appearances separately. Therefore, the blend ratio can be 

10 understood from the ratio between the heights of the two peaks. 
However, the total amount of the added amounts of the two kinds 
of carbon is desirably set to 200 to 5000 ppm. If the total 
amount is below 200 ppm, it cannot be said that the resultant 
aluminum nitride sintered body is black, and the sintered body 

15 has a brightness over N4 . On the other hand, if the added amount 
is over 5000 ppm, the sinterability of the aluminum nitride 
becomes poor. Particularly, the added amount of the two kinds 
of carbon is desirably set to 200 to 2000 ppm. 
[0021] 

20 In the present invention, the aluminum nitride sintered 

body constituting the matrix desirably comprises a sintering 
aid. As the sintering aid, an alkali metal oxide, an alkali 
earth metal oxide or a rare earth oxide can be used. Among these 
sintering aids, CaO, Y2O3, NazO, LiaO and RbzOa are particularly 

25 preferred. The content thereof is desirably from 0.1 to 10 % 
by weight. 
[0022] 

In the aluminum nitride sintered body of the present 
invention, its brightness defined in JIS Z 8721 is desirably 

30 N4 or less. This is because the sintered body having such a 
brightness is superior in radiant heat amount and covering-up 
ability. Also, with such sintered body, it becomes possible 
to measure the surface temperature accurately with a 
thermoviewer . 

35 [0023] 
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The brightness N is defined as follows: the brightness 
of ideal black is made to 0; that of ideal white is made to Ir- 
respective colors are divided into 10 parts in the manner that 
the brightness of the respective colors is recognized stepwise 
between the brightness of black and that of white at equal 
intensity intervals; and the resultant parts are indicated by 
symbols NO to NIO, respectively. Actual brightness is measured 
by comparison with color chips corresponding to NO to NIO. One 
place of decimals in this case is made to 0 or 5 . 
[0024] 

An electrostatic electrode for electrostatic chuck 
comprised of conductive metal or a conductive ceramic may be 
embedded in the aluminum nitride sintered body of the present 
invention. FIG. 5(a) is a vertical sectional view which 
schematically illustrates an electrostatic chuck, and FIG. 5(b) 
is a sectional view taken along A-A line of the electrostatic 
chuck illustrated in FIG. 5(a) . In this electrostatic chuck 
20, chuck positive and negative electrode layers 22,23 are 
embedded in an aluminum nitride substrate 3. A ceramic 
dielectric film 40 is formed on the electrodes. Resistance 
heating elements 11 are disposed inside the aluminum nitride 
substrate 3 so that a silicon wafer 9 can be heated. If necessary, 
RF electrodes may be embedded in the aluminum nitride 3. 
[0025] 

Further, as shown in (b) , the electrostatic chuck 20 is 
usually formed in a circular form as is viewed from the above. 
The chuck positive electrostatic layer 22 composed of a 
semicircular part 22a and a comb-teeth-shaped part 22b shown 
in Fig. 5 inside of the aluminum nitride substrate 21, and the 
chuck negative electrostatic layer 23 composed of a semicircular 
part 23a and a comb-teeth-shaped part 23b are arranged oppositely 
to each other inside the ceramic substrate so that the 
comb-teeth-shaped parts 22b and 23b cross each other. 
[0026] 

When this electrostatic chuck is used, the positive side 
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and the negative side of a DC power source are connected to the 
chuck positive electrostatic layer 22 and chuck negative 
electrostatic layer 23, respectively. In this way, the silicon 
wafer put on this electrostatic chuck is electrostatically 
5 adsorbed - 
[0027] 

FIGs. 6,7 are horizontal sectional views, each of which 
schematically shows electrostatic electrodes in a different 
electrostatic chuck. In an electrostatic chuck 70 shown in FIG. 

10 6, a chuck positive electrostatic layer 72 and a chuck negative 
electrostatic layer 73, each of which are in a semicircular form 
are formed inside an aluminiom nitride substrate 71. In an 
electrostatic chuck 80 shown in FIG. 7, chuck positive 
electrostatic layers 82a, 82b and chuck negative electrostatic 

15 layers 83a, 83b, each of which has a shape obtained by dividing 
a circle into 4 parts, are formed inside an alxaminum nitride 
substrate 81 . The two chuck positive electrostatic layers 82a, 
82b and the two chuck negative electrostatic layers 83a, 83b 
are formed to cross. In the case that an electrode having such 

20 a form that an electrode having a circular shape and the like 
shape is divided is formed, the number of divided pieces is not 
particularly limited and may be 5 or more. Its shape is not 
limited to a fan-shape. 
[0028] 

25 The following will describe one example of a process for 

producing the above-mentioned aluminum nitride sintered body 

of the present invention. 

(1) First, amorphous carbon is produced. For example, 

a hydrocarbon consisting only of C, H and O, preferably a 
30 saccharide (sucrose or cellulose) is fired at a temperature of 

300 to 500 °C in air, so as to produce pure amorphous carbon. 

On the other hand, as the crystalline carbon, ordinary graphite 

or carbon black may be used. 

[0029] 

35 (2) Next, the above-mentioned carbon is mixed with aluminum 
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nitride powder, which will be a matrix component. About the 
size of the mixed powder, the average particle diameter thereof 
is preferably as small as about 0 . 1 to 5 (im. This is because 
the sinterability thereof is improved as the size thereof is 
5 finer. The added amount of the carbon is decided under 
consideration of the lost amount at the time of firing. In the 
case that an aluminum nitride substrate and the like is produced, 
a sintering aid, such as yttriiim oxide (yttria: Y2O3) , may be 
added to the above-mentioned mixture • 
10 [0030] 

Instead of the above-mentioned steps (1), (2), it is 
allowable to adopt the following steps : aluminum nitride powder, 
a binder, a saccharide and a solvent are mixed to produce green 
sheets; the green sheets are laminated; and the lamination of 
15 the green sheets is pre-fired at a temperature of 300 to 500 
®C to make the saccharide into amorphous carbon. In this case, 
both of the saccharide and amorphous carbon may be added. As 

the solvent, a-terpineol, glycol and the like may be used. 
[0031] 

20 (3) Next, a formed body obtained by putting the resultant 

powder mixture into a mold, or a lamination of the green sheets 
(each of which is pre-fired) is heated and pressed at a temperature 
of 1700 to 1900 °C and at a pressure of 80 to 200 kg/cm^ in the 
atmosphere of an inert gas such as argon or nitrogen, so as to 

25 be sintered. 
[0032] 

At the time of putting the powder mixture into the mold, 
by embedding a metal plate (foil) , a metal wire and the like, 
which will be heating elements, in the powder mixture; or by 

30 forming a conductor containing paste layer, which will be heating 
elements, on one green sheet out of the laminated green 'sheets, 
a ceramic heater having therein the aluminum nitride sintered 
body of the present invention can be produced. After producing 
a sintered body, by: forming a conductor containing paste layer 

35 on the surf ace (bottom surf ace) thereof; and firing the product , 



10 



heating elements can be formed on the bottom surface. 
[0033] 

Furthermore, by: embedding metal plates (foils) and the 
like in the formed body; or forming a conductor containing paste 
5 layer on the green sheet, so as to have shapes of heating elements 
or electrodes such as electrostatic chucks, at the time of 
producing the ceramic heater, a hot plate, an electros tatic chuck, 
a wafer prober, a susceptor and the like can be produced. 
[0034] 

10 The conductor containing paste for producing various 

electrodes or heating elements is not particularly limited, and 
is preferably a paste comprising not only metal particles or 
a conductive ceramic for keeping electric conductivity but also 
a resin, a solvent, a thickener and so on. 

15 [0035] 

The metal particles are preferably made of, for example, 
a noble metal (gold, silver, platinum and palladium) , lead, 
tungsten, molybdenum, nickel and the like. These may be used 
alone or in combination of two or more. These metals are not 

20 relatively easily oxidized and have a sufficiently large 
conductivity. They have a sufficient resistance value for 
generating heat. Examples of the conductive ceramic include 
carbides of tungsten and molybdenum and the like. These may 
be used alone or in combination of two or more. 

25 [0036] 

The particle diameter of these metal particles or the 
conductive ceramic is preferably 0 . 1 to 100 ^im. If the particle 
diameter is too fine, that is, below 0.1 |im, they are easily 
oxidized. On the other hand, if the particle diameter is over 
30 100 |jjn, they are not easily sintered so that the resistance value 
becomes large. 
[0037] 

The shape of the metal particles may be spherical or scaly. 
When these metal particles are- used, they may be a mixture of 
35 spherical particles and scaly particles. In the case that the 
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metal particles are scaly or a mixture of spherical particles 
and scaly particles, metal oxides between the metal particles 
are easily retained and adhesiveness between the heating elements 
and the nitride ceramic and the like is made sure. Moreover, 
5 the resistance value can be made large • Thus, this case is 
profitable . 
[0038] 

Examples of the resin used in the conductor containing 
paste include epoxy resins, phenol resins and^the like. Examples 
10 of the solvent are isopropyl alcohol and the like. Examples 
of the thickener are cellulose and the like. 
[0039] 

When the conductor containing paste for the heating 
elements is formed on the surface of the sintered body, it is 

15 desired to add a metal oxide besides the metal particles to the 
conductor containing paste and sinter the metal particles and 
the metal oxide. By sintering the metal oxide together with 
the metal particles in this way, the aluminum nitride sintered 
body can be closely adhered to the metal particles. 

20 [0040] 

The reason why the adhesiveness to the aluminum nitride 
sintered body by mixing the metal oxide is improved is unclear, 
but would be based on the following. The surface of the metal 
particles and the surface of the aluminum nitride sintered body 
25 are slightly oxidized so that an oxidized film is formed thereon. 
Pieces of these oxidized films are sintered and integrated with 
each other through the metal oxide so that the metal particles 
and the nitride ceramic are closely adhered to each other. 
[0041] 

30 A preferred example of the metal oxide is at least one 

selected from the group consisting of lead oxide, zinc oxide, 
silica, boron oxide (B2O3) / alumina, yttria, and titania. 
[0042] 

These oxides make it possible to improve adhesiveness 
35 between the metal particles and the nitride ceramic without 
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increasing the resistance value of the heating elements. 
[0043] 

When the total amount of the metal oxides is set to 100 
parts by weight, the weight ratio of lead oxide, zinc oxide, 
silica, boron oxide (B2O3) , alumina, yttria and titania is as 
follows: lead oxide: 1 to 10, silica: 1 to 30, boron oxide: 5 
to 50, zinc oxide: 20 to 70, alumina: 1 to 10, yttria: 1 to 50 
and titania: 1 to 50. The ratio is preferably adjusted within 
the scope that the total thereof is not over 100 parts by weight. 
By adjusting the amounts of these oxides within these ranges, 
the adhesiveness to the aluminum nitride sintered body can be 
particularly improved. 
[0044] 

The addition amount of the metal oxides to the metal 

particles is preferably 0.1 % by weight or more and less than 

10 % by weight. The area resistivity when the conductor 

containing paste having such a composition is used to form the 

heating elements is preferably from 1 to 45 m£l/D. 
[0045] 

If the area resistivity is over 45 mH/D, the carolific 
value for an applied voltage becomes too large so that, in the 
aluminum nitride substrate wherein the heating elements are set 
on its surface, their carolific value is not easily controlled. 
If the added amount of the metal oxide is 10% by weight or more, 
the area resistivity exceeds 50 mn/D so that the carolific value 
becomes too large . Thus, temperature-controlbecomes difficult 
and the uniformity of the temperature distribution becomes poor . 
[0046] 

In the case that the heating elements are formed on the 
surface of the aluminum nitride substrate, ametal covering layer 
is preferably formed on the surface of the heating elements. 
The metal covering layer prevents a change in the resistance 
value of the inner metal sintered body based on oxidization 
thereof. The thickness of the formed metal covering layer is 
preferably from 0.1 to 10 [m. 



[0053] 

In the calculating equation (1), P is the maxiitium load 
(kgf ) when the test piece was broken, L is the distance (30 mm) 

between lower fulcra, t is the thickness (mm) of the test piece, 

and w is the width (mm) of the test piece. 
[0054] 

(Comparative Example 1) AIN + Y2O3 

100 parts by weight of aluminum nitride powder (made by 
Tokuyama Corp., average particle diameter: 1.1 |jia) , and 4 parts 
by weight of yttrium oxide (Y2O3: yttria, average particle 
diameter: 0.4 \m) were mixed, and the mixture was put into a 
mold and was hot-pressed at a temperature of 1890 ®C and a pressure 
of 150 kg/cm^ in the atmosphere of nitrogen for 3 hours, to obtain 
an aluminum nitride sintered body. The amount of carbon 
comprised in the resultant aluminum nitride sintered body was 
100 ppm or less. The brightness N thereof was 7.0. 
[0055] 

(Comparative Example 2) AIN + amorphous carbon 

In this Comparative Example, phenol resin powder was- 
utilized as a binder in accordance with JP Kokai Hei 9-48668. 
Carbon obtained by decomposing the phenol resin and the acrylic 
binder; was crystalline in this prior art. 

[0056] 

First, 100 parts by weight of aluminumnitride powder (made 
by Tokuyama Corp., average particle diameter: 1.1 ^m) , and 5 
parts by weight of the phenol resin powder were mixed, and the 
mixture was put into a mold and was hot-pressed at a temperature 
of 1890 °C and a pressure of 150 kg/cm^ in the atmosphere of* 
nitrogen for 3 hours, to obtain an aluminum nitride sintered 
body. The amount of carbon comprised in the resultant aluminum 
nitride sintered body was 800 ppm. 
[0057] 

(Comparative Example 3) AlN + amorphous carbon 

( 1 ) Sucrose was heated at a temperature of 500 ""C in the current 

of an oxidizing gas (in the air) to decompose the sucrose thermally . 
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In this way, amorphous carbon was obtained. 

(2) 100 parts by weight of aluminum nitride ppwder (made by 
Tokuyama Corp., average particle diameter: 1.1 |Lim) , 4 parts by 
weight of yttrium oxide (Y2O3: average particle diameter: 0.4 
fim) , and 0 . 09part by weight of amorphous carbon which was obtained 
in the step (1) were mixed, and the mixture was put into a mold 
and was hot-pressed at a temperature of 1890 ""C and a pressure 
of 150 kg/cm^ in the atmosphere of nitrogen for 3 hours to obtain 
an aluminiom nitride sintered body. The total amount of carbon 
comprised in the resultant aluminum nitride sintered body was 
805ppm, The brightness N thereof was 4.0. 
[0058] 

FIG. 1 shows transition in the volume resistivities from 
room temperature to 500 °C on Examples 1 to 3 and Comparative 
Examples Ito 3 . As shown in FIG . 1, in the example of the sintered 
body comprising only crystalline carbon, indicated as 
Comparative Example 2, its volume resistivity dropped to about 
1/10. 
[0059] 

FIG. 2 shows the dependency of the thermal conductivities 
of the sintered bodies upon temperature. The example which 
comprised only amorphous carbon, the thermal conductivity 
dropped to 40W/m • k. FIG. 3 is an X-ray diffraction chart of 
the sintered body of Example 1. Since crystalline carbon was 
used in Example 1 (reference to FIG. 3) , a peak originating from 
crystalline carbon can be observed. On the other hand, since 
amorphous carbon was used in Comparative Example 3 (reference 
to FIG. 10) , a peak originating from substances except for 
aluminum nitride crystal cannot be observed. 
[0060] 

The sintered bodies of Examples 1 to 3 and Comparative 
Examples 1 to 3 were heated up to 500 °C on a hot plate, their 
surface temperatures were measured with a thermoviewer (made 
by Japan Datum Inc., IRl 62012-0012 ) and a K type thermocouple 
according to JIS C 1602 (1980) to examine temperature difference 
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between the two measured values. It can be said that as a gap 
between the temperature measured with the thermocouple and that 
measured with the thermoviewer is larger, the temperature error 
with the thermoviewer is larger. As a result, a temperature 
5 difference was 0.8 ""C in Example 1; a temperature difference 
was 0.9 °C in Example 2; a temperature difference was 1°C in 
Example 3; a temperature difference was 23 ""C in Comparative 
Example 1; a temperature difference was 0.8 °C in Comparative 
Example 2; and a temperature difference _was 0 . 9 ''C. in Comparative 
10 Example 3. 
[0061] 

In the above-mentioned measurement, the volume 
resistivity and the thermal conductivity were measured as 
follows . 

15 (1) Volume resistivity: A sintered body was cut into a piece 
having a diameter of 10 mm and a thickness of 3mm. Three terminals 
(a main electrode, an opposite electrode,- and a. guard electrode) 
were formed, and then a DC voltage was applied thereto to charge 
the sintered body for one minute. Thereafter, the electric 

20 current (I) flowing through a digital electrometer was read to 
obtain the resistance (R) of the sample. The volume resistivity 
( p ) was calculated in accordance with the following calculating 
equation (2) from the resistance (R) and the size of the sample: 
[0062] 

25 [Formula 2] 

D1 + D2 

Do=2 ro= =1. 525cm •••(2) 

2 

30 [0063] 

In the above calculating equation (2) , t is the thickness 
of the sample and Sis givenby the following calculating equations 
(3) and (4) . 

35 
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[0064] 
[Formula 3] 




s = 



— 1 . 8 3 c 



• • • (3) 



4 



[0065] 
[Formula 4] 



3 PL 



■ ■ ■ (4) 



2 w t 



[0066] 



In the above calculating equations (3) and (4), ri is the 
radius of the main electrode, Tz is the inner size (radius) of 
the guard electrode, ra is the outer size (radius) of the guard 
electrode, Di is the diameter of the main electrode, D2 is the 
inner size (diameter) of the guard electrode, D3 is the outer 
size (diameter) of the guard electrode . In the present Examples, 
2ri = Di = 1.45 cm, 2r2 = D2 = 1-60 cm, and 2r3 = D3 = 2.00 cm. 
[0067] 

(2) Thermal conductivity: 

a. Used machine 

Rigaku laser flash method thermal constant measuring 
machine 

LF/TCM-FA8510B 

b. Test conditions 

Temperature: ambient temperature, 200 °C, 400 °C, 500 °C, 
and 700 

Atmosphere: vacuum 

c. Measuring method 

Temperature in specific heat measurement was detected with a 
thermocouple (Platinel) bonded to the baclc surface of the sample 
with silver paste. 

-Specific heat at ambient temperature was measured in the 
state that a light receiving plate (glassy carbon) was bonded 
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to the upper surface of the sample through silicone grease. The 
specific heat (Cp) of the sample was obtained from the following 
calculating equation (5) : 
[0068] 
[Formula 5] 

AO 1 
Cp= [ Cp - W -Cp -W } — •■•(5) 

[0069] 

In the calculating equation (5), AO is an input energy, 
AT is the saturated value of rising temperature of the sample, 
Cp G.c is the specific heat of the glassy carbon, W g.c is the 
weight of the glassy carbon, Cp s.g is the specific heat of the 
silicone grease, W s.g is the weight of the silicone grease, and 
W is the weight of the sample, 
[0070] 

(Example 4) Application Example, wafer prober (reference to 
FIGS. 8 and 9) 

(1) A composition obtained by mixing the following was used 
and formed by the doctor blade method to obtain a green sheet 
30 having a thickness of 0 . 47 mm: 100 parts by weight of aluminum 
nitride powder (made by Tokuyama Corp., average particle 
diameter: l.lfjin), 4 parts by weight of yttria ( average particle 
diameter: 0.4 |jin) , 0.2 part by weight of sucrose, 0.05 part by 
weight of graphite and 53 % by weight of alcohols comprising 
1-butanol and ethanol . 

(2) This green sheet 30 was dried at a temperature of 80 ""C 
for 5 hours, and punched to make through holes for plated through 
holes, for connecting heating elements and external terminal 
pins . 

[0071] 

(3) A conductor containing paste A was prepared by mixing 
100 parts by weight of tungsten carbide particles having an 
average particle diameter of 1 \xm, 3.0 parts by weight of ah 
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acrylic binder, 3.5 parts by weight of a-terpineol solvent, 
and 0,3 part by weight of a dispersant. A conductor containing 
paste B was also prepared by mixing 100 parts by weight of tungsten 
particles having an average particle diameter of 3 |im, 1 . 9 parts 
5 by weight of an acrylic binder, 3 . 7 parts by weight of a-terpineol 
solvent, and. 0.2 part by weight of a dispersant. 
[0072] 

(4) The conductor containing paste A was printed on the surface 
of the green sheet 30 by screen printing, so as to form a printed 

10 layer 50 for guard electrodes and a printed layer 60 for ground 
electrodes, in a lattice form. The conductor containing paste 
B was filled into the through holes for plated through holes, 
for the connection to external terminals, to make filling layers 
160,170 for the plated through holes. The green sheets 30 on 

15 which the conductor containing paste was printed and green sheets 
30' on which no conductor containing paste was printed, thenumber 
of which was 50, were laminatedandthenthe sheets were integrated 
with each other at a temperature of 130 ^'C and at a pressure 
of 80 kgf/cm^ (reference to FIG. 8(a)). 

20 (5) The lamination resulting from the integration was 

degreased at a temperature of 600 °C for 5 hours, and was then 
hot-pressed under conditions of 1890 ""C and a pressure of 150 
kg/cm^ for 3 hours, to obtain an aluminum nitride plate having 
a thickness of 3 mm. This plate was cut off into a disk of 230 

25 mm in diameter to prepare an aluminum nitride substrate 3 

(reference to FIG. 8 (b) ) . About the size of plated through 
holes 16 and 17, their diameter was 0 . 2 mm and their depth was 
0 . 2 mm. The thickness of guard electrodes 5 and ground electrodes 
6 was 10 |Lim. The positions where the guard electrodes 5 were 

30 formed were 1 mm apart from the heating elements along the 
direction of thickness of the sintered body. The position where 
the ground electrodes 6 was formed were 1 .2 mm apart from a chuck 
face la along the direction of thickness of the sintered body. 
[0073] 

35 (6) The aluminum nitride substrate 3 obtained in the step (6) 
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was ground with a diamond grindstone . Subsequently, a mask was 
put thereon, and concaves (not illustrated) for thermocouples 
and grooves 7 (width: 0.5 mm, and depth: 0.5 mm) for adsorbing 
a wafer were made in the surface by blast treatment with glass 
beads (reference to FIG. 8(c)). 

(7) Furthermore, a conductor containing paste was printed on 
the back surface opposite to the chuck face la in which the grooves 

7 were made, so as to form a paste layer for heating elements. 
The used conductor containing paste was Solvest PS603D made by 
Tokuriki Kagaku Kenkyu-zyo, which is used to form plated through 
holes in printed boards. Namely, this paste was a silver/lead 
paste, and contained metal oxides consisting of lead oxide, zinc 
oxide, silica, boron oxide and alumina (the weight ratio thereof 
was 5/55/10/25/5) at an amount of 7.5 % by weight of silver. 

The used silver in the conductor containingpaste was scaly 

particles having an average particle diameter of 4.5 |im. 
[0074] 

(8) The aluminum nitride substrate (heater plate) 3, in which 
the conductor containing paste was printed on its back surface 
to form heating elements 41, was heated and fired at a temperature 
of 780 °C to sinter silver and lead in the conductor containing 
paste and further bake them on the aluminum nitride substrate 
3. Thus, the heating elements 41 were formed (reference to FIG. 

8 (d) ) . Next, this aluminum nitride substrate 3 was immersed 
in a bath for electroless nickel plating comprising an aqueous 
solution containing 30 g/L of nickel sulfate, 30 g/L of boric 
acid, 30 g/L of ammonium chloride, and 60 g/L of a Rochelle salt, 
to precipitate a nickel layer 410 having a thickness of 1 fom 
and a boron content of 1 % or less by weight on the surface of 
the heating elements 41 made from the above conductor containing 
paste. Thus, the thickness of the heating elements 41 was made 
larger. Thereafter, the aluminum nitride substrate was 
annealed at a temperature of 120 °C for 3 hours . The thus obtained 
elements 41 containing the nickel layer 410 had a thickness of 
5 fxm, a width of 2.4 mm and a area resistivity of 7.7 mfl/n. 
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(9) By sputtering, a Ti layer, a Mo layer and a Ni layer were 
successively formed on the chuck face la in which the grooves 
7 were made . The used equipment for this sputtering was SV~454 0 
made by ULVAC Japan, Ltd. About conditions for the sputtering, 
air pressure was 0.6 Pa, temperature was 100 ''C, electric power 
was 200 W, and process time was from 30 seconds to 1 minute. 
Sputtering time was adj usteddependently on the respective metals 
to be sputtered. About the resultant films, an image from a 
fluorescent X-ray analyzer demonstrated that the thickness of 

Ti was 0.3 |im, that of Mo was 2 jam and that of Ni was 1 ^im. 
[0075] 

(10) The aluminum nitride substrate 3 obtained in the step (9) 
was immersed in a bath for electroless nickel plating comprising 
an aqueous solution containing of 30 g/L of nickel sulfate, 30 
g/L of boric acid, 30 g/L of ammoniiam chloride, and 60 g/L of 
a Rochelle salt to precipitate a nickel layer (thickness: 7 |im) 
having a boron content of 1 % or less by- weight on the surface 
of the grooves 7 formed in the chuck face la. Thereafter, the 
aluminum nitride substrate was annealed at a temperature of 120 
°C for 3 hours. The aluminum nitride substrate 3 was 
immersed in an electroless gold plating solution containing 2 
g/L of potassium gold cyanide, 75 g/L of ammonium chloride, 50 
g/L of sodium citrate, and 10 g/L of sodium hypophosphite at 
a temperature of 93 for 1 minute, to form a gold plating layer 
1 |im in thickness on the nickel plating layer at the chuck face 
side of the aluminum nitride substrate 3. Thus, a chuck top 
conductor layer 2 was formed (reference to FIG. 9(e)). 

(11) Air suction holes 8 reaching the back surface from the 
grooves 7 were made by drilling, and then blind holes 180 for 
exposing plated through holes 16, 17 were made (reference to FIG. 
9 (f)) . Brazing gold made of Ni-Au (Au: 81.5 % by weight, Ni : 
18.4 % by weight, and impurities: 0.1 % by weight) was heated 
and reflowed at a temperature of 970 ''C to connect external 
terminal pins 19, 190 made of koval to the blind holes 180 
(reference to FIG. 9(g)). An external terminal pin 191 made 
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of koval was also attached through a solder alloy (tin 9/lead 
1) on the heating elements 41. 

(12) Thermocouples for controlling temperature were buried, 
(not illustrated) in the concaves, so as to obtain a heater with 
a wafer prober. 

[0076] 

(13) Thereafter, the heater with the wafer prober is usually 
fixed to a supporting case made of stainless steel through a 
heat insulator comprising ceramic fiber (made by Ibiden Co., 
Ltd., trade name: Ibiwool) . A jet nozzle for jetting cooling 
gas is made in the supporting case to adjust the temperature 
of the wafer prober . Regarding the heater with the wafer prober, 
air is sucked from the air suction holes 8 to adsorb and hold 
a wafer put on the heater. The thus produced heater with the 
wafer prober had a brightness N of 3.5 to give a large radiant 
heat amount. The heater was also superior in the capability 
of covering up the inside guard electrodes 2 and the inside ground 
electrodes 3. 

[0077] 

(Example 5) Application Example, Ceramic heater having therein 
heating elements and electrostatic electrodes for an 
electrostatic chuck (reference to FIG. 5) 

( 1 ) The following paste was used and formed by the doctor blade 
method to obtain a green sheet 0.47 mm in thickness: a paste 
obtained by mixing 100 parts by weight of aluminum nitride powder 

(made by Tokuyama Corp., average particle diameter: 1.1 loiti) , 
4 parts by weight of yttria (average particle diameter : 0 . 4 |Lim) , 
0.04 part by weight of amorphous carbon obtained in Example 1, 
0.05 part by weight of crystalline graphite powder, 0.5 part 
by weight of a dispersant, 0.2 part by weight of sucrose, 0.05 
part by weight of graphite and 53 parts'by weight of alcohols 
comprising 1-butanol and ethanol. 

[0078] 

(2) Next, this green sheet was dried at a temperature of 80 
"^C for 5 hours, and subsequently the following holes were made 
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by punching: holes which would be through holes of 1 . 8 mm, 3.0 
mm and 5.0 mm in diameter through which semiconductor wafer 
supportingpins wouldbe inserted; andholes which wouldbe plated 
through holes for the connection to external terminals pins. 
[0079] 

(3) The following were mixed to prepare a conductor containing 
paste A: lOOparts by weight of tungsten carbide particles having 
an average particle diameter of 1 |im, 3.0 parts by weight of 
an acrylic binder, 3.5 parts by weight of arterpineol solvent, 
and 0 . 3 part by weight of a dispersant . The following were mixed 
to prepare a conductor containing paste B: 100 parts by weight 
of tungsten particles having an average particle diameter of 
3 |im, 1.9 parts by weight of an acrylic binder, 3.7 parts by 
weight of a-terpineol solvent, and 0.2 part by weight of a 
dispersant. This conductor containing paste A was printed on 
the green sheet by screen printing, to form a conductor containing 
paste layer. The pattern of the printing was made into a 
concentric pattern. Furthermore, conductor containing paste 
layers having an electrostatic electrode pattern shown in FIG. 
5 was formed on other green sheet. 
[0080] 

Moreover, the conductor containing paste B was filled into 
the through holes for the plated through holes for the connection 
to external terminal. At a temperature of 130 and a pressure 
of 80 kg/cm', thirty seven green sheets on which no tungsten 
paste was printed were stacked on the upper side (heating surface) 
of the green sheet that had been sub j ected to the above-mentioned 
processing, and simultaneously the same thirteen green sheets 
were stacked on the lower side of the green sheet. 
[0081] 

(4) Next, the resultant lamination was degreased at a 
temperature of 600 "^C in the atmosphere of nitrogen gas for 5 
hours and hot-pressed at a temperature of 1890 °C and at a pressure 
of 150 kg/cm^ for 3 hours to obtain an aluminum nitride plate 
3 mm in thickness. This was cut off into a disk of 230 mm in 
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diameter to prepare an aluminum nitride plate having therein 
heating elements and electrostatic electrodes having a thickness 
of 6 |jjn and a width of 10 mm. The amount of carbon in this sintered 
body was measured by the same measurement method as in Example 
5 1. As a result, the amount was 810 ppm, 
[0082] 

(5) Next, the plate obtained in the step (4) was ground with 
a diamond grindstone. Subsequently a mask was put thereon, and 
bottomed holes (diameter: 1.2 mm, and depth: 2.0 mm) for 

10 thermocouples were made in the surface by blast treatment with 
Sic and the like. 
[0083] 

(6) Furthermore, a part of the through holes for the plated 
through holes was hollowed out to make concaves. Brazing gold 

15 made of Ni-Au was heated and ref lowed at a temperature of 7 00 
°C to connect external terminal made of koval to the concaves. 
About the connection of the external terminal, a structure 
wherein a support of tungsten is supported at three points is 
desirable. This is because the reliability of ' the connection 

20 can be kept. 
[0084] 

(8) Next, thermocouples for controlling temperature were 
buried in the bottomed holes to finish the production of a ceramic 
heater with an electrostatic chuck. The thus produced heater 
25 with the electrostatic chuck had a brightness N of 3.5 to give 
a large radiant heat amount. The heater was also superior in 
the capability of covering up the inside guard electrodes and 
the inside ground electrodes. 
[0085] 

30 [Effect of the Invention] 

As described above, the aluminum nitride sintered body of the 
present invention comprises 2 kinds of carbon which are 
complementary to each other so that: the aluminum nitride 
sintered body is superior in the capability of covering up an 

35 electrode pattern and precision of temperature measurement with 
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a thermoviewer ; it is also superior in volume resistivity at 
high temperature and thermal conductivity, and has a low 
brightness. Accordingly, the aluminum nitride sintered body 
of the present invention is useful, for example, as a substrate 
for a hot plate, an electrostatic chuck, a wafer prober, a 
susceptor and the like. 
[Brief Description of the Drawings] 

[Fig.l] A graph showing a relationship between the ceramic 
substrate component and the volume resistivity in Examples and 
Comparative Examples. 

[Fig. 2] A graph showing an effect of the thermal conductivity 
of the sintered body in Examples and Comparative Examples. 
[Fig. 3] An X-ray diffraction chart of the sintered body of the 
present invention . 

[Fig. 4] An X-ray diffraction chart of the conventional sintered 
body. 

[Fig. 5] (a) is a vertical sectional view which schematically 
illustrates an electrostatic chuck, and FIG. 5(b) is a sectional 
view taken along A-A line of the electrostatic chuck illustrated 
in. FIG. 5 (a) . 

[Fig. 6]. A horizontal sectional view which schematically 
illustrates another example of the electrostatic electrode 
embedded in the electrostatic chuck. 

[Fig. 7] A horizontal sectional view which schematically 
illustrates further another example of the electrostatic 
electrode embedded in the electrostatic chuck. 

[Fig. 8] An explanatory view of a process for producing a wafer 
prober comprising an aluminum nitride sintered body. 

[Fig. 9] An explanatory view of a process for producing a wafer 
prober comprising an aluminum nitride sintered body. 

[Fig. 10] An X-ray diffraction chart of the sintered body of 
Comparative Examples. 

[Fig. 11] A graph showing the dependency of the bending strength 
in Examples and Comparative Examples. 
[Explanation of Symbols] 
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2 chuck top conductor layer 

3 aluminum nitride substrate 

5 guard electrode 

6 ground electrode 
5 7 groove 

8 air suction hole 

16/17 plated through hole 

19,190,191 external terminal pin 

20,70,80 electrostatic chuck 

10 21,71,81 aluminum nitride substrate 

22, 72, 82a, 82b chuck positive electrostatic layer 
23, 73, 83a, 83b chuck negative electrostatic layer 

41 resistance heating^ element 

180 blind hole 

15 
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[0 0 2 5 3 */c. (b) (C^L/c<fc^CC. »m^^ y 

2 2a tmm^2 Zb ttf^fhtj:^^^ y ^PjEW^mmZ 
2i. IS]D<*R?H^aJ2 3a<i:fiSaSB2 3 bi^^^e^Cc 
^^+-^^fiffi»«H2 3i*s. Sl»CCfiiiffia52 2 b. 

[0 02 6] cconm^^ y^^mmr^m^ifCit. ^ 

•V y i?iES»«B2 2 i^i- d7ftffifif^|l2 3 i(C-f^ 
[0 0 2 7 ] [16:foJ:0'a7&3:. ftfeOfim^i"^ ^CC^d 

1 (op^u^c^Lmfmt(D ^^y i^jESsse 7 2 i ^ + :y 
7 3 tir *5 . 7 ^^rt?^^ 

«:4 53'SJL/cJg«t0^i-5r^iEffi»SB8 2'a. 82b 
<*:5=*i- ^AS»^®8 3 a. 8 3 b ;55f^d<;$ tiTC^ • 
5. S/c. 2tS5CDiE®®^J18 2 a. 8 2b*Jcl:0'2tft 
<0^ 1- 8 3a, 8 3 b ^ti^ti^m 

[0 0 2 8 ] :XiC, *:^?)3(Cd>;&^'2>±iBM^tT->l' S^-? 

^•fe;i.p^y^) sg^*. 3 0 0-5 0 o'crfii^'r 
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^^'m<0tf-^r^*.C'O\,^X\t. -m^U^^yr ^ 

[0 0 2 9 ] C2) y:ic. ±tEtf-7r^>t'7 h »; d^:^f& 

m^(DtiJ^Ll^:^^^{t. ^i^liS-C. 0. 1-5 Mm 

[003 0 ] ±iB<D CI) . C2) ,omm(>ci^^^ mitr)v 

h OW8»* 3 0 0 5 0 0 •C'CfgjKfiET C <b J: 

[ 0 0 3 1 ] C3) ©^n/c*&^ii-^i85^^s^acc 

^C<?:<D^rgtt#fflMTCC. 1700--1900-C. 80 
-2 0 0 k g/c CD^frT'^ra^.. iMEEUXm^r 

So 

[003 2 ] :$i^BM<Dmitr)l 5 

(?s) ^^mmm^m^m^^^mi9iLfc^. mmr 

^® (HE) CC2§fli-<-;^ h^^fB^U. ;ISfiS;T-5>C<b 
[0 03 3 ] CO-fe^ 5 -^i7t-^-0DS?3gK!r 

40 [0034] sa<Dmii^^f**{^sar s/ciftcD^* 

[0 0 3 5 ] ±U^mm'tLX{t. m7L{t. 

m^^xi,j^<. 2mi':i±^mmLX'bj:i\ ctii^cD^ 
)s«. j:bt5&«jK{bLcc< < . ^mti>{,c^^rmtfim^ 
50 wr?)*>e>r*s. ±i2agsi4-fe^5 -^tj^iturii. 



[0 03 6 ] C n^b^«3K[^S /c««S14-fe 5 5 i^ti 
0. 1 1 0 0 y m75^Jf?*LC^ 0. lu 

ra^mtwimrt'i>t. mit$ti^r<. — loo 

[0038] m»^-:^hicm^iti:bmtt or«. 
[0039] ^m^mcom^^-::^ V ^^ftoaffiw: 

[0 04 0 ] ^®S?{l:1«!i«:il-^t-^ciccj:D. Sltr 

[004 1 ] ±M^^mmmt urts. M^ti. mit 

[0042] cne>©ffiik«5». ^ttC0ffiEta«i%;^# 

14«r3fc#-r -5 C <h "C * -2> ;C)^ 6 "C ^ ^ . 
[0 04 3] ifBKfbiS. M^bffiiS. V Kib^i-^*^ 

^^i. ±mmm<D±m.^ i o osflgpi i^/cti^. s 
sibr. Kjbia3&^ 1 --^ 1 0 , 3 o . mtn-^ 

'?S35rS5'-50. ffi{bffiiS*^2 0-7 0. T;U5:^;&U 
-10. h -5 0 . ^ ^T;&M - 5 0 T 

*-:>r. ^c7)-^ft5!>n 0 ossSB*ia:i^ri^ieffl-csis 
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. .^fb^^joS^iSSIT -5 c i ccj: «9 . ?${c^fbT;u 5 

[0 044 ] i.i^mmt'mo&m^^^cnr ^mmm 

\t. 0. lSfi%«±l 0fiS%*jS;5;5«F*L/l^ 4 
JfJiS L/cr«OffiSffitx^ti. 1 4 5 mQ/ntm"^ L 
[0 04 5 ] !BSa5i^?:>U 5mQ/n^jg^^i. EP * 

[0 04 6] ^^<*:<J^M{bT;^ 5 ^'i? AS^CDgffiCCffJ 
20 IK 

[0 04 7 3 ^m^mm^mgcr^m^cmm^ti^^m 

mat, m^\it. ^^r7i:>^j^. e^, 

mf^Li.^ ?^C*5. #ljSli*?&g<bTJl/$::i'i7Ag«0|^ 
[0 04 8] 

30 [^teP!l] (^Jg^l) AIN + Y, O, -^$^^m^ 
(1 ) 5> 3 ^^Kfbttma£43 T5 0 0-C6C»n 

(2) S^br;U5-'>A3»* ( h^+-7ttM. ^iSliS 
1. 1 am) 1 0 OSaSB. ^{b-r --^ F U^t^A (Y, o 
. : ;f-;'hyr. ¥±^|4S0. 4 Mm) 4SSa5. ±ie 
( 1 ) O#^Sa:<7-^>0. 0 4SSgB. SSMi^-^^ 
T-Y (WJ^^lSttSi/GR- 1 2 0 0 ) 0. 0 5 

SfiSB^rJg-^L/. fiX?f$S{CAnr^#fflm*. 189 
40 ox;. "ELtiX 5 0k&/cra' ©^r3 Bfr^s^ h >^ 

uxur^{br;i'^^^A«fep*(*;g:f#/c. «S*g<**(3[>^ 
-:i<>McD»js«. «E*S(**if»«^o. cn*8oo-cr 

im LT^^T ^ C OS«:fflm*r ^ C <!: <i: 0 if /c, 

CC$*ti5:^-3f<*><D^tta«8 0 0 p pm-C*-o/c. 
4/c, HJStiN = 3. 5T'^o/c. 
[0 04 9 ] (^«2) A I N + ^fa®/7-;}^> + 

(1) ^3ffi?r^4ir5 oo-ctc»ai^Lria^>ft?s 

50 If. *B^a:^-:j<>:g:f#/c. 
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(2) mit7J\^i:L':;j.m^ ( h^^-^tigj, w-^^^rs: 

1. 1 urn) 1 0 OfiSgC. ±te ( 1 ) 0^^o%S;^-;j< 

1±K, GR- 1 2 0 0 ) 0. 0 aSfiaJ^Zl^L. fig^^ 
StcAnrM^^H^cfr, 1 8 9 0-C. S.t)lSOkg 

(Otf-7t^>(D^Mm^t8 1 Op pm-C..B^lS«N=3. 
[005 0] (^^!I3) :0-Jit'>OH7g 

1 (ommt^^-msmimm^^. is so -c-c i 

[005 1 ] JSr*J, ^gO»JS«. ^l^XV P>73fi&S: 
1^(4 5 0 7M n-F-feJUS OOkff f ) . iaSJ&s 
2 5 — 1 0 0 0'CCD:;A:^Eti. i^nx-^^^ Fiiao. 5m 
m/:», XyOffifa[L = 3 0mm. f^-StK" t = 

3. 06mm, igw=4. OSmmrHJeL. &LT(0^ 
( 1 ) ^fflt^rS'^.fltf^a (kg f /mm^ ) $: 

[00 5 2] 



2w 

[0 05 3] ±tB»tm^ P(^. ^.iUt^&^iS® 

\^fct^<DWcK'mm (kff f) L{3:. T3L«^Jd! 

CDg§Bt(3 0mm) r*^). t fSSK-O/lS (m 
m) r^D, wtJ, 5S.®Utc0itS (mm) r«>S. 

[0 05 4] (fcLI^Wl) A 1 N+Y, O, 

um) 1 0 OMSSB, Mfb-r h U'i^A (Y, O, :^ 

i^petSO. 4 am) 4Sa:5li^?m^L.sCn^fi£ffJSCC 
AJhrg^^Hm*. 1 8 9 0 -C. lE;^? 1 5 0 k g/ c 

-;j^'>g^i, 1 0 0 p pmt<Tr*»9. a^]gliN= 7. 

O'r«>o/c, 

[0 055] (l:k®F<2) A 1 N+*Sa^Sy7-#> 
CCDi:bl5«?«ti, ?^Bg¥9 - 4 8 6 6 8 -^^^fgCDiaSSCCge 



C6) !^ga 2 0 0 1 - 1 4 6 4 7 6 
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• ■-[■0 05^-6] ^r. sftTiU^^'^A.f^^ ( h^i-v1± 
1 urn) lOOSSSB, :7xy-;L.«} 

1 8 9 0'C, 5 0 kg/cm* CD5fef*-C3^ 

e>n:^cgftT;l'^ ^'^A:§gJ*<*ct>cD^-;^'>SiS8 0 0 
p p m'CS) o/cp 

[0 0 5 7 ] (i:tl5^3 ) A 1 n + tt^n'mtf-^^^l^ 

(1) ^>3 56i?:^cfjr5 0 0'craijaiLri8ii»»?3 
1. \ um) \ oommm. mt^ V {y, o 

. : ¥i^^SO. 4 urn) 4MSa5. ±iE ( 1) cO^^b^ 

a:^-i<>o. ogsssp^^g^o, ^s^^a^-cm 

S#ffl^ctitc*JtiT 1 8 9 0*C. lE^l 5 0 kg/cm 

' (D^fl=r'38$ra;f>--; h:7-u>^L-c^{Lr;u^^^A^ 

iS«:^f#^c. f#6n/cM{tT;t' ^ ^'i? A^Sf^nf^cDi^- 
Ji^Vfi^S 0 5 p pmr. B^g«N=4. Or«>-5/c. 
[ 0 0 5 8 ] S U^:, ^{^j 1 - 3 fcJcMhIMd 1-3 
20 fCOt^r, MS-5 0 O-C^rcDfffgffiln^OJi^CC'O 

2 i Ur^-r*^B^a*-!K>CD;5f;&iAr)rt^^jKIS«:(p 
^JT'ti. <*Slgei^7&^')ti^ 1/10 ^«TL/c. 

[0 0 5 9 ] 02 m^»<Dm.^m^^(D'amm^^ 

ly<O^^SXr,X\.^^0m, B.B^t^40Wym • ktc 

ifi^^i-- hr^-So mMMi ms) is^mcD:^ 

1 0) ^^D^MO;f7--;^<'>^^fMor^>5/ci^). s 

[0 06 0 ] */c. IISSfiRll-3*^J:0'J:b^S^?lll-'3<D 

:Sil^f*cc-Di:kT, hr^'b- h±r5 0 o'csr^SA 

IR162012-0012), JIS-C-160 

2 ( 1 9 8 0) Kmrnm^vmrnu. m^ossm^^ 

.lem, m^miv\,iusMo. 8*c, iij!igW2"C{3:ag 
^0. 9-c, mmisvi^tWim^rc: immiv^m 
gM2 3-c. ]:bf5«?!i2-ct5ssMo. 8 "c. mmsv 

[0 0 6 1] ±i2?e'j^cc4otiT. {^mmamtmB^^ 

(1) i*ai6tn^ : mm»^mmmxrhct(^^ o . a 

Si 0 mm. 3 mm<DJ\}it(>cmtiiU. His^- (iS 



n 

( I ) ^^^■c. m^(Dm,m (r) ^^if). 
s (2) rttso/c. 

[0 0 6 2 ] 
C»2] 

c S V 



R = 

t 
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* -[-0 0-6-3 ] ±i£ftS3: { 2 ) iCiJC^r . t {3:s«f40/l 
cr^^. tfc. TtE(Dtf»X (3) *Jcfca^' 

(4 ) CCct0^x.6ti-5). 
[00641 
[»3] 



— • • • (2) 



Do= 2 r 0= 



= 1. 525oi 



(3) 



[006 5 ] 

;rDG 
S= 



= 1. 8 3 cm* 



(4) 



[0 06 6] tj::h. ±ffiff»^ (3) *JcfcCf (4) tCfc 

tS:. 2r, =Dx =1. 45cm. 2 r, =D, =1. 
60cm. 2r, =D, =2. OOcmr*^. 

c 0 0 6 7 ] C2) i^&mm : 
a. 

AO 



• 5!$LF/TCM-FA8*5 1 OE 

iaS- • -^iS. 2 0 0-C. 4 0 0-C. 5 0 0'C. 7 0 
O'C 

u^ncDttm <cp) TfBo§t»jS (s) ccj: 

[0068] 



Cp= ( 



AT 



W -Cp 



w 



° W 



(5) 



[0 0 6 9 ] ±ifittSt^ ( 5 ) CC*JC^T. A OJi. A;^ 30 
x^.;U^-, AT«. Ksf^^SSLfc^cDiafCIffi, Cp 

tbtt. W».c tit. t/i;n>>^i;-xcDSS. «f4 

[0 0 7 0 ] imimmA) tt^mw. 

(138. Big) 

( 1 ) ^itrjv $ x»i; A3|&^ ( F i^^-^im. ^imm 

1 . 1 ;2 m) 10 0 mM^\ ^ y bVT (^ft*iS0 . 
4/im) 4Sfia5, v'sHO. 2fifiaJ. if^yy^h 40 
0. 0 5SSSP*>-J:iyf I -:7'i>y-;UijJ:CXx5'>'-;l/ 
3!>^63iST;U3-;U5 3fima5^tM-&U/c^fi£1^?^. F 

F&'&^iir^^r-E>ciccj:0il$0. 
4 7 mm<D^V ->*x^ F 3 0 

(2) C(D^V->iy- h 3 0^8 O'CrSB^^K^U 
[0 0 7 1 ] (3) ^1^||4^!$1 Mm<7)^>y>^f>/7 

F©^i 0 osasc. r^';;u2s>'W>:$r3. o 

iSB. a-f"JUf;^:f-JUigSg3. 5maa3. 50 



0. 3«Jia55:tg^urSSmil-i-;^ FA^rSgSSL/c. 
^tc. ¥i^ti^tS3 Mm©i>>^Xf^>3a^l 0 Oas 

-;i'?S{«3. 7mjia5. :9-tftsijo, 2mMa5^S'&L'r 

[00 7 2 ] (4)'>?^y->i^- F3 OOSffi&C, ±fa 
^^ti'-i-X FA^X^U->EflJgfJj£CcJ:0EnJ5(lL/, 

r^fcisb<D±ME:^)i^-t^-jvmnMKf,c^mii^-x f- 

B?:5t«Lr;^;l.-'.-i-x-;l.«5ctgiil 6 0. llO^m 
fSSLLfc. -E-Lr, SS^tt"^-;^ F;!>iEPBiJ$ti/cy»;-> 
^- h 3 0i5^O'En^J:{)^Snt:ti/j:ti>/tj->t^-F 3 
0' ^bO.^kmmL. 13 0*C. 8 0k?/cm' CDJE 
:t^r-tt^tUfc (SIB (a) ) . 

(5) -wts^tfcmmi^is o o'crs^rauflsgu. 

1 8 9 O-C. E^l 5 0 kgr/cm' (O^i^V 

mXW^^mc. CCDffitti*^itS2 3 0mmCDnWc^ 
•3ffiOT^{tT/W5x»5ASS3 iL/c (08 
(b) ) . fj:^^ ;:^;l/-;^-;H 6. 1 7cD:?ttS«it 
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SO. 2mm. gg?0. 2mmr^)o/Cc ^/c. K 
^@5. KIIS60il^{^ 1 0 am. K^S 

[0 0 7 31 (6) ±fS (4) rif/cmr^u^^'^A 

7 (miO. 5mm, ai$0. 5 mm)/^?f^^ L/c (S8 
(c) ) . ' 

(7) $6CC, vS7^JBi5;0/c^i' ^mi a.(rCM\^r 
(Oyjl^XhFSBO 3 D^^mOtc. 'rr3:t>^. CCD 

<m (-en-enossit^^. 5/55/1 0/25/ 
5) ^$^<DMicMLr:i . 5mM%^ts i><D'C$>h. tj: 

[0 0 7 4] (8) mm(^cm'^\i^-:^h^BmiLx^ 

3^7 8 0-CT»nl?ft;^^Lr. h ig 

t:f. ^1*4 1 ^mf&utc (as (d) ) . ;^o^-c. c 
U t3t^s^30g/K *a^br>-^:^»i;A3 0^/K 

J^rS#6M»4 1 O^MtC. ce)CCil$lMm. ^^'t?^© 
■t*ri%lSJ{*4 1 €:J!EjS<b?-tf. 1 2 0 'Cr SB^Fb^ 

(D^nm^n^fc. jt^Lx:mf!>tifc^v^jvm4 1 0 

^^ty^l»i»4'lti. J^^diS^m. iti2. 4mmr* 

(9 ) ?g7;!)55g^^fi,;^c:^i' ^® 1 aCC. :^^^y^V 
>^mcx7 i . Mo. N i CDS;i^Wg:^S/iL/Co C 

m(DSV-4S40^miK mE: 0, 6 Pa. iSS : 
1 0 0 'C. m:^; : 2 0 0 mm^m 3 0 ti?- 1 ^CD 

^>tffft(Z)lii^:;!)^e)T i (^0. Sum. Mo(i2ium. N 
i kt 1 /imr^>o/c. 

[0 07 5] ( 1 0 ) ±fe ( 9 ) X^htxfcmitT )V ^ 
^'^ASiS3^. mm:^y^)\^30B/\ . (i^K3 0 
ff/l. tg^br>'=e^'^A3 0 g/K P-;'i^xJUfe6 
Og/1 ?&&tf7j<?§«^^63^.f^«^^^-^^;ue9b-^gfjS 
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- -icr^S-t^T, ^i";/>7®i acc?e0conri>'5i«7o.^ 

c7Mm) ^Srii^-t^, 1 2 0 'Cr 3 B^rel^..®!! L/c, 
c^CC. ±f£S-ftr;U5-^ASS3^M (^r-:^^:?® 
Iffl) CCf>T>fb^:^y •?A2 . lS{bT>^^^A 

75g/l. ^x>Kf h V'^AS 0 g/ 1. ^x*';> 

h y A 1 0 ff / 1 tf^ht^hmrnm^^-o^mcQ 

3*CCD^f|:ri^Bl25aLr. ^^bTil^^ ^'i7ASffi3 
O^-t- ::7®fIiJCD^-^^>rl'2i)-:>^ll±CC. ^ 6CC/1$ 1 
10 um(0^}^-:>^m^mmi.X^-f ^ h t/:7*^»/i2^r 
Ji5^L;^c (139 (e) ) . 

(11) :^UT. •^7^6SffiCCJSt:f5>3g^gR?l?L8€r 

^SSm^-tf ^/c4t)C0^?Ll 8 0^^t:r/c (1^9.. 
(f ) ) „ C(Omi \ 8OCCN i -Au^^ (Au8 
1. 5w t'%. Nils. 4wt%. :^W^0. 1 wt 
%) 3:^-5^5 9 7 O'C-C/JOl^.'; 

-l±r.=Iy^'-;^l^cD^^aJ^^t'> 19. 1 9 0 ^w^^it 

/c (@9 (g).)„ ^;^c. Jii2#fe3aii*4 ijci^iffl'^ 
20 {$i9/aS 1 ) *:^U'rzJ/N'-jUSSicz:)i^fa5S8^=-f> 1 9 

(12) taS^iJSUO/cJtJ^C. 1tl^CDSft«>lt?:±t2n3gi5«: 
[0 0 7 6] ( 1.3 ) COflt. ±MZ^3Lj^y'vL 

3. 5?:7fL. %^mt^mi)^^<.. l^aso;^'- K 

^S2^y-^> Km®3oi®s5tt(cfe«n>>. 

[0 0 7 7 ] (^M5 ) JIjixflaM. J:C>'i^m^ 
5) 

(1) ^{bT;i/5 x^ A3f&^ ( ^ i?-i-v?±K. .^i^tiS 
40 1. lAim) lOOfiSSE. V h »;t (4^i^3t4S: 
0. 4 Mm) 4®gSP, HjteMl ■C^#'!=>n/c^^B^S3^- 
:i^>0. 0 4mj£g[S, m^^Wi^'yVr^lVm^O. 0 5 
SMSP. ^^^\0, bMM^. ^H^SO. 2m4#.^i^ 
"yVr^hO. 0 5msa54cJ<i:2>'l -:7'iS?y-;uix:$r 

^h^fflu, y{?!?-'f\^-Ym^^z>fm^'i=T':»x. 

m^Q. 4 7mmC0y h?:mc. 

[0 0 7 8 ] (2) y«:{c, c(D^ h ^8 o*cr 

SB^ralKSS^if/cf^. ^O^>t5<CCJ:0ii:Sl. Sm 
50 m. 3. 0 mm, 5. 0 mraO^^f^-JxyN^SiJtb'^?: 
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^ ^^ - - ^L- i i^cC ^ 5[J^^^t:f /c. 
[0 0 7 9 ] (3) MinO^>^^^f 

SS3. 7SfiaJ:teJ:(>'^Kmo. 2SJi:gl5^?^'^L.r^ 
hcc:;^^ y->EnJ5ijrE|3J5iJL. Ml 

[0 0 8 0] $e)CC. ^^l'S|5^Ss^^|gr.T^)/i:2s^>CD>^;U- 

CC3 Tti. TMCCl 3*5. 130'C, SOkg/cm* 

[008 1 ] C4) f#6n/ca@^5£:SS:^';^t|3. 
6 0 0'CT5B#rBl^^fl§0. 1 8 9 O'C. EE:^ 1 5 0 k & 
/cm' r3B#ra:^-^ h:7"u;^L. 3 mmCDSitT 
}\^X=^^LJSLUM^n-fc. cn^&2 3 OmmORS«CC 
^OffiL\ rtS|5iCil$ 6 Mm, *S1 OmmCD^.iifcct 

■C?|ii^L/citg:^. 8 1 0 p pmr*-3/c. 
[0 0 8 2 ] C5) y^tc. (4) xnht\1cWXV^^. 

1. 2mm. gg^ : 2. 0mm) ^S:C:f/c. 
[0083] C6) ? e)CC. x;l/-.-i^-;Uffl^DMil?LC0— 
a5«r;i<'OB(-:>roaa5iO. CCDBflg(J;cN i -AuA^e^ 

^f^^^^^^tv 7 0 o'cr^o^gi'; :7^-L,T33>'^•- 
^f>i^:^7^>(D3&Jt(t;&33,cgr3£f^r^«J&;5iM^ 

[>^s Si^fi^tt^5i«'r^ci;&ir&-s;5i^e-c"<fc5».' 

[Q Q Sj^L^ ^^^^^ aSSlJacD/ci5?)CDlgacD*ftm>Pt 

^<DS{iSJ&3STL/c. C Octree urSSiSO/cfl?^^ 

BJS:6^N=3. 5 ^7nbf§f^?^jS;b5 

[0085] 
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10 mmo:>^m^wm\ 

<DSJS?:^r ^' ^ r ^ -E) o 
[^4] S^5fcCD^5<*OX)SlI$T^i'- hr*^. 

[0 5] ( a ) a. ^tisa^ccTT^rfiii&fffi 

ST'*0. (b)«, (a) ^CTnb/c^^^i-y ^CDA 

[0 7] fi^^r ^cca^$n-cc^€>»^mscDMcc 

[08] g{t:T;u^-»j7A«&e{*;0:>6^£'5^x^N:7-n^ 
[09] g{tr;^^-'^A;^i*^^e^C'5»'^;x/^ya- 

30 {-m'&^n^rt^^vxh^^ 

[??-^<D5«?g] 

2 ^ ^ h vm^m 

3 ^fbT;U5 X'^ASffi 
5 ^- 

6 

7 ?S 

8 ^5ft^|?L 
16, 17 

19. 19 0, 19 1 
40 2 0 . 7 0 , 8 0 1- 5r ^ 

2 1. 7 1. 8 1 g>fkr;u^ -H'^ass 

22. 72. 82a, 82b ^^-^ iJ^i£@P1i/i 

23. 73, 83a, 83b ^ v ^:S®Pmia 

4 1 

18 0 $S?L 



(10) 
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